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REMARKS/ARGUMENTS 

In the Claims, please cancel Claims 9 through 1 1 without prejudice. Claims 1, 3, 13 and 15 have 
been amended in response to the Examiner's rejections and to correct minor typographical errors. New 
Claim 17 has been added. These changes to the pending claims and the addition of New Claim 17 are 
fully supported by the Application as originally filed on page 2, lines 14-16 and page 6, lines 7-9. No new 
matter has been added. 

Rejection Under 35 U.S.C. $ 102 

Claims 1, 4, 9-11, and 13-16 are rejected under 35 U.S.C. § 102(e), as being anticipated by US 
Patent No. 6,551,617 to Corbo et al. ("Corbo"). 

According to the Manual of Patent Examining Procedure ("MPEP") Section 2131, "[a] claim is 
anticipated only if each and every element as set forth in the claim is found, either expressly or inherently 
described, in a single prior art reference." Verdegaal Bros. v. Union Oil Co. of California, 814 F.2d 6187, 
631, 2 USPQ2d 1051, 1053 (Fed. Cir. 1987). Corbo does not anticipate any of the Claims of the present 
invention as set forth herein. 

Corbo discloses a "coating composition" (col. 5, Ins. 4-9) that is used to coat granules or crystals 
of drug ingredient in a fluid bed coater (col. 5, Ins. 48-49). The Examiner states that Corbo teaches the 
formulation of Claims 1, 4 and 10 by its mention of the optional use of ethyl cellulose as an additive in an 
amount of approximately 10-30 weight percent of the coating composition (Col. 4, lines 55-65). Not only 
does Corbo fail to disclose the particular cellulosic polymers claimed by the Applicant, it fails to teach the 
weight percent of cellulose polymer in the total formulation rather than just the coating. 

Applicant's invention is directed to a sustained/prolonged release pharmaceutical formulation that 
has a water-soluble medicament uniformly associated with a polymer construct, wherein the formulation 
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exhibits unique sustained-release properties based on the nature of the polymer construct. The polymer 
construct is comprised of a mixture of polyvinylacetate ("PVA") and polyvinylpyrrolidone ("PVP"), and 
one or more cellulose ether polymers that have hydroxyethyl, hydroxypropyl or hydroxypropyl methyl 
substitution. The cellulosic polymers make up approximately 2 to 60 weight percent of the total 
formulation. 

Applicant's claims have been amended to this affect: 

Claims 1 and 13 have been amended to specify that the water-soluble medicament is blended with 
a polymer construct wherein the cellulose ether polymer is a mixture of at least one cellulose ether 
polymer wherein the cellulose ether polymer comprises from about 2 to about 60 weight percent of the 
total formulation . 

Claim 3 has been amended and New Claim 17 has been added to specify that the at least one 
cellulose ether polymer has hydroxyethyl-, hydroxypropyl-, or hydroxypropyl methyl- substitution . 

As a result, the Applicant respectfully submits that Corbo fails to disclose all of the limitations of 
the claims of the present invention and that the claim amendments have rendered the Examiner's rejection 
under 35 U.S.C. 102(e) moot. 

Rejection Under 35 U.S.C. S 103 

Claim 3 is rejected under 35 U.S.C. § 103 as obvious over US Patent No. 6,551,617 to Corbo et al. 
("Corbo"). 

One of the three basic requirements to establish a prima facie case of obviousness is the 
requirement for some suggestion or motivation, either in the references themselves or in the knowledge 
generally available to one of ordinary skill in the art, to modify the reference or to combine reference 
teachings. See MPEP § 2143. The Examiner states that it would have been obvious to one of ordinary 
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skill in the art to use any of the commercially available cellulose ether polymers listed by the Applicant in 
the coating composition of Corbo, relying on the knowledge of persons or ordinary skill in the art to 
provide a source of motivation to modify the reference. See MPEP § 2143.01 . 

The modification proposed by the Examiner, substitution of hydroxyethyl-, hydroxypropyl-, or 
hydroxypropyl methyl- substituted cellulose polymers for the ethyl cellulose disclosed in Corbo, would 
render Corbo 5 s coating composition unsatisfactory for its intended purpose - taste masking. When 
determining whether a prima facie case of obviousness has been established, the proposed modification 
cannot render the prior art unsatisfactory for its intended purpose. See MPEP § 2143.01 (citing In re 
Gordon, 733 F.2d 900, 221 USPQ 1 125 (Fed. Cir. 1984)). 

Corbo requires a "coating composition that is insoluble in the mouth", or insoluble at a pH of 
about 7 (col. 2, Ins. 46-50; col. 7, Tables 3 and 4). Ethyl cellulose is not water-soluble. See Ainley Wade 
and Paul J. Weller, Handbook of Pharmaceutical Excipients, 186-187 (2d ed. 1994) ("Handbook"). 
Further, ethyl cellulose is primarily used as a hydrophobic coating agent in pharmaceutical formulations. 
When used in tablet formations, the tablets tend to demonstrate poor dissolution. See Handbook, at 186. 

As stated above, the Applicant's claims have been amended to specify the cellulose ether polymers 
required by the present invention, namely, the amendment of Claim 3 and the addition of New Claim 17 to 
specify that the at least one cellulose ether polymer has hydroxvethvk hydroxypropyl-. or hydroxypropyl 
methyl- substitution . 

All of the cellulosic polymers claimed by Applicant, namely, hydroxyethyl cellulose, 
hydroxypropyl cellulose, and hydroxypropyl methylcellulose are water-soluble and are known in the art for 
their use in pharmaceutical formulations as binders and extended-release tablet matrices. See Handbook, at 
219-220, 223-224, and 229-230, respectively. 



USSN 10/086,059 
Page 9 



As a result, the Applicant respectfully disagrees that the present invention is obvious over Corbo. 
If one of ordinary skill in the art were to substitute a water-soluble cellulose polymer, i.e. hydroxyethyl 
cellulose, hydroxypropyl cellulose, or hydroxypropyl methylcellulose, for ethyl cellulose as it is intended to 
be used in Corbo, the resulting coated composition would dissolve rapidly in the mouth, and on the way 
down to the stomach, completely eliminating the effectiveness of the coating and unveiling the undesirable 
taste of the medicament. As a result, Applicant respectfully submits that one of ordinary skill in the art 
would not be motivated to make the substitution, that Corbo teaches away from using water-soluble 
components in the coating composition, and therefore Corbo does not render any of the claims of the 
present invention obvious. 

Based on the amendments and remarks set forth above, the Applicant hereby respectfully requests 
that the Examiner's objections and rejections be withdrawn and that the Application is in condition for 
allowance. Should the Examiner have questions or require additional information or clarification, please 
do not hesitate to contact the Applicant's undersigned attorney. Please charge any required fees to our 
Deposit Account No. 50-2543. 



Kos Pharmaceuticals, Inc. 
1 Cedar Brook Drive 
Cranbury, NJ 08512 
Tel.: 609.495.0524 
Fax: 609.495.0907 



Respectfully submitted, 




Karen P. Bechtold, Esq. 
Registration Number 52,166 
Attorney for Applicant 
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Ethylcellulose 



1. Nonproprietary Names 

BP: Ethylcellulose 
PhEur; Ethylccllulosura 
USPNP: Ethylcellulose 

2. Synonyms 

Aquacoal; E462; Eihocek Svretewe* 

3. Chemical Names and CAS Registry Number 
Cellulose ethyl cvhcr [9004-57-3] 

4. Empirical Formula Molecular Weight 

Ethylcellulose is an ethyl ether of cellulose, a long-chain 
polymer consisting oranhydroglucose units joined together by 
aceial linkages. Each anhydroglucose unit has three replace- 
able hydroxyl groups which are substituted to the extent of 
2.25-2.60 elhoxyl groups (OC 2 H 5 ) per unit, equivalent to an 
cthoxyl content of 44-51 %, 

5. Structural Formula 




Structure shown with complete ethoxyl substitution. See also 
Section 4. 

6. Functional Category 

Coating agent; tablet binder; viscosity-increasing agent. 

7. Applications in Pharmaceutical Formulation or 
Technology 

Ethylcellulose is widely used in oral and topical pharmaceu- 
tical formulations. 

The main use of ethylcellulose in oral formulations is as a 
hydrophobic coaling agent Tor tablets and granules/ 
Ethylcellulose coatings are used to modify the release of a 
drug, l5} to mask an unpleasant taste, or to improve the stability 
of a formulation, e.g. ethylcellulose dissolved in propan-2-ol is 
used to coal ascorbic acid granules to prevent oxidation. 
Modified release tablet formulations may also be produced 
using ethylcellulose as a matrix former/ 
Ethylcellulose, dissolved in an organic solvent, or solvent 
mixture, can be used on its own to produce water-insoluble 
films. Higher viscosity ethylcellulose grades tend to produce 
stronger, tougher films. Ethylcellulose films may be modified, 
to alter their solubility, by the addition of hydroxypropyl- 
meihylcellulosc {7) or a plasticizer. see Section 19. An aqueous 
polymer dispersion (or latex) of ethylcellulose such as 
Aquacoai (FMC Corporation) may also be used to produce 



ethylcellulose films without the need for organic solvent 
coats or hydratcd ethylcellulose, drug release is via dif^ 
This can be a slow process unless a large surface area k u, 
and aqueous ethylcellulose dispersions tend therefore, 
used to coat granules. 0 *'* U 
Ethylcellulose is also widely used in drug microencajmBj 
timO*") high viscosity grades usually being used. Release 1 
a drug from an ethylcellulose microcapsule is a runction-qgjj 
microcapsule wall thickness. 1 J 
In tablet formulations, ethylcellulose may addition^ 
employed as a binder, the ethylcellulose being blended dr.^ 
wet-granulated with a solvent such as cthano! (95$ 
Ethylcellulose produces hard tablets, with low friability;:?" 
may however demonstrate poor dissolution. 
In topical formulations, ethylcellulose is used as a 
agent in creams, lotions or gels, provided an app 
solvent is used. , ^ 

Ethylcellulose is additionally used in cosmetics and. too 
products. 



Use 



Concentration (%) 



Microencapsulation 
Sustained release tablet coating 
Tablet coui'rag 
Tablet granulation 



10.0-20.0 
3.0-10.0 
1.0*3.0 
1.0-3.0 



8. Description 

Ethylcellulose is a tasteless, free-flowing, white to light tan- 
colored powder. * \^ 



SEM:1 

EkdpienU Ethylcellulose 
Manufacturer: Hcfcu|c* tul 
Loi Nufflll 
Magnification; 60s 
Voltage; 10 kV 
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SEM:2 

Excipicai: Bihylcdlulose 
Manufacturer. Hercules Lid 
Lot No.: 57911 
Magnification: 6SSQx 
Voltage: 10 kV 




SEM&4 

Excipioni; Ethylcellulwe lElhoccl) 
Manufacturer, Dow Chemical Company 
Lot No.: 103051 
Magnification: 6O0x 

Voltage » fi * v 




9. Pharmacopeial Specifications 



^T.EidplenU Ethylcelluloao {Eihocct) 
^Manufacturer. Dow Chemical Company 
|^loTNa: I03OS I 

HfottaflB; 10 kV 



Test 




Identification 

pH (2% w/w suspension) 

Viscosity 

Loss on drying 

Residue on ignition 

Sulfated ash 

Arsenic 

Leud 

Heavy metals 
Acctatdebyde 
Chlorides 

Assay (of cthoxyl groups) 



PhEur 1993 


USPNFXVIX 




+ 


5.0-7.5 




+ 


r 


< 3.0% 


4 3.0% 




< 0.4% 


S 0,5% 






< 3 ppm 




< 10 ppm 


< 20 ppm 


£ 40 ppm 


< 100 ppm 




£ 0.05% 






44.0-51.0% 



10. Typical Properties 

Density (bulk): 0.4 g/cm 3 

G/our iransiilon temperature: 130-133 

Hygroscopicity: cthylcellulose absorbs very hide : water at high 

relative humidities or during immersion; any absorbed water 

evaporates readily." 55 See flto HPE Data. 

Solubility, practically insoluble in elycenn. propylene glycol 

and water. Ethylccllulose thai contains less than 46.5/. or 

ethoxyl groups is freely soluble in chloroform methyl acetate, 

SSdrofunm, and in mixtures of aromatic hydrocarbons 

with ethanol (95%). Ethylccllulose that contains not less than 

46 5% of ethoxyl groups is freely soluble in chloroform, 

ethanol (95%), ethyl acetate, methanol and toluene. 

Specific gravity- 1. 12*1.1 5 

Viscosity various grades or eihylcellulosc are commercially 
available which differ in their ethoxyl content and degree of 
polymerization. They may be used to produce 5% w/v 
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solutions, in organic solvents, with viscosities of 6-110 mPa s 
(6-110 cP), see also Section 19. Specific eihylccllulose grades, 
or blends of different grades, may be used lo obtain soluuons 
of a desired viscosity. Solutions of higher viscosity Vend to be 
composed of longer polymer chains and produce stronger* 
tougher films. The viscosity of solutions increases with an 
increase in concentration of ethylceilulose, e.g. the viscosity at 
25X of a 5% w/v solution or Ethoccl in an 80/20 toluene/ 
ethanol solvent blend is 4 mPa s (4 cP), whilst a 25% w/v 
solution in the same solvent mixture has a viscosity of 850 
mPas (850 cP). Soluuons with a lower viscosity may be 
obtained by incorporating a bi&M percentage (up to 35%) of 
a low molecular weight aliphatic alcohol, such as methanol or 
ethanol. in a solvent mixture. The viscosity of such soluuons 
depends almost entirely on the alcohol content and is 
independent of the other aromatic solvent. 



HPE Laboratory Project Data 
Method Lab # 



Average flow rate 
Moisture content 



Particle friability 
Particle size 



FLO-3 
MC-29 
MC-20 
MC-29 
EMC-1 
PF-I 
PSD-6 
PSD-6 
SOL-6 



Solubility 
Ethanol (95%) at 2S°C 
Ethanol (95%) at 25°C 
Ethanol (95%) at 37°C 
Ethanol (95%) at 37°C 
Hexaae at 25°C 
Hexaae at 25°C 
Hexnne at 37°C 
Hexaae at 37°C 
Propylene glycol at 25 6 C 
Propylene glycol at 25 W C 
Propylene glycol at 37°C 
Propylene glycol at 37°C 
Water at25"C 
Water at 25°C 
Water at 37°C 

Water a t 37°C 

Supplier a. Hercules Ltd (Lot 
Company. 



24 
23 
15 
23 
15 
36 
23 
23 
23 



1.66 g/s ct0 
1.853% W 
0.700% w 
1.020% w 
See Fig. 1. w 
0,068% w 
Sec Fig. 2. w 
See Fi fi . 3. (b) 

53 rtE/mL w 
15 mg/mL tb) 
66 mg/mL (n) 
25 mg/mL w 

< 2 mg/mL w) 

< 2 mg/mL tb) 

< 6mg/mL ta) 

< 6mg/mL (b> 
25 rag/mL W 
25 mg/mL < b) 
25 mg/mL ^ 
25 mg/mL (b) 

< 1 mg/mL <a) 
10 mg/mL lb3 

< I mg/mL (a> 
10 mg/mL « 



1U iu|i/«***- 

No.: 58587); b. Dow Chemical 



11. Stability and Storage Conditions 

Ethylceilulose is a stable, slightly hygroscopic material It is 
chemically resistant to alkalis, both dilute and concentrated, 
and to salt solutions, although it is more sensitive to acidic 
materials than cellulose esters. • 
Ethylceilulose is subject to oxidative degradation in the 
presence of sunlight or UV light at elevated temperatures. 
This may be prevented by the use of an antioxidant and a 
compound with light absorption properties between 230- 

340 nm - .... ii 

The bulk material should be stored m a dry place, in a well- 
dosed container at a temperature between 7-32°C. 

12. Incompatibilities 

Incompatible with paraffin wax and microcrystalline wax. 



I 



CD 

1 




Fig. 



0 10 20 30 40 50 55 70 BO 90 100 ! ^ 
Percent Relative Humidity 
1: Equilibrium moisture content of ethylceilulose. 09 




0 100 200 300 400 

Particle size (pm) 

Fig. 2: Particle size distribution of ethylceUuloso. 

13. Method of Manufacture 

Ethylceilulose is prepared from wood pulp by treatment with 
alkali followed by ethylation of the alkali cellulose with 
chloroelhane. 

14. Safety 

Ethylceilulose is widely used in oral and topical pharmaceu- 
tical formulations. It is also used in food products. 
Ethylceilulose is not metabolized following oral consumption 
and is therefore a noncaloric substance. It is generally regarded 
as a nontoxic, nonallergenic and nonirritant material. Since 
ethylceilulose is not metabolized it is not recommended for use 
in parenteral products; parenteral use may be harmful to the 
kidneys. 



3 
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ToMc fc Comparison of different grades 
Grade 



of othylccllulose. 



Viscosity 
(mPa s)" 



u 100 200 300 400 
Particle size ipm) 
F, g . 3: Particle siac distribution of ethylcellulosc (Ethocel). 

■ The WHO has not specified an acceptable daily intake. J 
SSSsSnce the S of use in foods was not considered 
to be a hazard to health. 1 ' 01 

15. Handling Precautions 
: - Observe normal precautions appropriate to the a«umstanas 
V a^^tity of maurial handled. Dust ^ ^t^wjhe 
-. eyes and eye protection should therefore be worn, ™>; e 
■C im generation should be avoided to rammuze the risk of 

explosions. Ethylcellulosc is combusuble. 
».< : : . 

^•"'itBegutotory Status ...» _ 

ft^GRAS listed. Accepted for use as a food adAnve in Europe, 
r vlactaded in the FDA Inactive Ingredients Guide (oral 
^ SpSSE suspensions and tablets, topical emulsions and 
^vaSnal prorations). Included In nonparenteral medicines 
licensed in the UK. 



spW. Pharmacopeias 
gsV'Br, Eur, Mex and USPNF. 

*k ■ ■ 

^18. Related Substances 

^MethylceUulose. 

•.Comments 

llulose is compatible with the foHowing plasticizers: 
tyl phtbalate; diethyl phthalate; dimethyl pnthaiate 
jfWwtfbenzoate; butyl and glycol esters of fatty acids; refined 
Srairieral oils; oleic arid; stearic add; cetyl alcohol; stearyi 
wflcohol; castor oil; corn oil; camphor and numerous other 
ff«atetialB. 

T$»Hou8 grades of cthylcellulose are commercially svailaBie 
lea differ in their ethoxyl content and physical properties, 
sTabkl. 



5.3 
5.5 
80.0 
5.4 
6.4 
10.6 
19.3 
47.6 
95.9 
S5.0 
66.9 
98.6 



Mean particle 
diameter Qui) 

160 3 
225 « 
194 w 
204 <h) 
210 101 
212 W 
243 *> 
305 <" 
280 w 
262*' 
280 tw 
286 w 



Aquaion N7 
Aquolon W0 
Aquaion NI0O 
EihocelStd4 
EthoedSld7 
EihoeelSidlO 
EihocelSld20 
ahocelSld45 
Blhocel StB 100 
Eihoeel Med 50 
EihocelMed70 
Ethoctl Me d 100 

• viscosities are for a 5% w,v solution at 25°C. Solvent is the supples 
recommended blend or toluenc/cthanol. 
Surlier: a. Aquaion Company; b. Dow Chenncnl Company. 

20. Specific References 
I, oonbrow M. Friedman M. Timed release f»»i|*J 
Staining drugs and kinetics of drug release. J Phosm So 1975, 

2 KentDJ Rowe RC. Solubility studies on «hyl cellulose used in 
ram coating J Pharm Pharmacol 1978; 30: 808-810. 

3. STriouV. Rowe RC. WhUe EFT. 

nrooerlies and glass transition lemperatures of tome edlulose 
SSStai used in film coating. Int J Pharmaceuucs 1985; 27. 

4. M N, Sirithunyalug J. Release rate of 

coated granules. Drug Dev Hid Pharm 1988; 14: 683-687 
5 ?orS E Controlled-retase film coatings based on ethylcellu- 
fo/eDn.BDevlndPtarm^H^lfc^S-mi. 

6. upadrashl SM. ««^ P tJS^55!3£ 
Direci compression controlled release Rising W" 

EL or ethyl cellulose with hydroxypropyl mcthyteellulose or 

t£^SSSm using 2^^^! solubility parameter 

SapV J Ptonn Pharmacol 1986; 38: 214-215. 
« 3 LE. Zcntner CM. Release from osmouc uiblets coated 
8 - ffinSS /Suacoat lattices. Proceed Intern Symp Control 

n#*l Rionct Mater 1990; 17: 335-336. 
9 M*W ^Porter SC. Rohera BD. Aqueous ^.onof 

SluloJe I: evaluation of coadng process variables. Pharm 

,0 SJSlwSSS CF. Nixon J*. The in v/rro dissolution of 
l °- phSrbitonTsodium from ethyl cellulose microcapsules. J 

Phnrm Pharmacol 1976; 28: 912-914. 
il Ova Alnar H, Walters V. The prolonganon or the in vitro 
SLuEu or a soluble drug (phenethicillin potassium) by 
SSZiL with cthylcellulose. J Pharm Pharmacol 

,2, M. Elfect of polyUobu^lene on 

' Cwalled microcapsules: wall structure «**«JJ^J 
jalieyUmide and theophylline microcapsules. J Pharm So 1982, 

.i Unbmson°bH Ethyl cellulose-solvent phase relationships 
,3 ' S^aTto cLenanon mieroeneapsulatioe processes. Drug 
Dcv Ind Pharm 1989; 15: 2597-2620. 

wall. Int J Phannucculics 1992; 88: 39-51. 
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190 EthylcelMot* 

Smmittee on food add.uv«, Tech Rep 
1990: No. 189. 



... u ft„* N Ghebre-Sellassie L Comparative 
Iyer U, ^ on " r n^nie solvent and dispersion-based cdiylceU . 

70. 72, 74, 76. 78, BO. W. 84, 80^ ^ ;„ ^ -. 

R0 we RC. Mo^r weight tud«S ^ ^ 

coating. Acta PbannSueei'^ ^ ^ doHUEe fortns . 
Rowe RC MawioU used in he na « » chemistry, volume 

ScicniincPuWic a iions % 19B4:l-36. 

22. Authors 
USA: TC DahL 
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[ydroxyethyl Cellulose 



^Nonproprietary Names 
JP. HydroxyethyJcclluJosc 
SiEtfn Hydroxyethylccllulosum 
JSPNF: Hydroxyelhy] cellulose 

i., • 

;Synonynw 

Ijcoramnosan; Celhxize; cellulose, hydroxyethyl ether; HEC; 
irpromrjosan; Liporamnosan; NairosoL 

■ Chemical Name and CAS Registry Number 

ellulose, 2-hydroxyethyl cihcr [9004-62-0] 

.Empirical Formula Molecular Weight 
ae USPNF XVII describes hydroxycthyl cellulose as a 
irtially substituted po|y(hydroxyethyl) ether of cellulose. It 
available in several grades, varying in viscosity and degree of 
bstitution, and some grades are modified 10 improve their 
jpersion in water. The grades are distinguished by appending 
lumber indicative of ihc apparem viscosity, in mPa s, of a 
i w/v solution measured at 20*C. Hydroxyethyl cellulose 
:y ulso contain a suitable anticaking agent, 
r Section 5. 

Structural Formula 




re R is H or [-CH 2 CH 2 0-] m H 



unctional Category 

H agent; suspending agent; tablet binder; thickening 
t; viscosity-increasing agent 

Ppiications in Pharmaceutical Formulation or 
nology 

oxyeihyl cellulose is a nonionic, water soluble polymer 
y used in pharmaceutical formulations. Ii is primarily 
as a thickening agent in ophthalmic* 1 ' and topical 
ilafton*" although it is also used as a binder c3 > and 
oaung agent for tablets ™ 

concentration of hydroxyethyl cellulose used in a 
ilauon is dependent upon the solvent and the molecular 
t of the grade. 

>xyethyl cellulose is also widely used in cosmetics 



8. Description 

Hydroxyethyl cellulose occurs as a light tan or cream to white- 
colored, odorless and tasteless, hygroscopic powder. 
See Sections 4 and 5. 

SEM: 1 

ExcipicnL Hydroxycihy] cellulose (Nairusaiy 
Manufacturer Aquuloo 
Magnification: I20x 




SEM: 2 

Excipicnl: Hydroxycihyl cellulose {Nairosut) 
Manufacturer; Aqualon 
Magnification: 600x 
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9. Pharmacopeial Specifications 



Tabic It Continued 



Timet 


PhEor 1984 


USPNF XVII 
(Suppl 6) 


Identification 




+ 


Appearance of solution 


+ 




Viscosity 




T 


dH (\ in 100) 


5.5-6.5 


6-8.5 


Loss on drying 


< 10.0% 


< 10.0% 


Lead 




^ O.O0l% 


Residue on ignition 




£ 5.0% 


Sulfated ash 


< 4.0% 




Arsenic 




5 3ppm 


Chlorides 


< 1.0% 




Heavy morals 


^ 20 ppm 


< 0.004% 


Organic volatile 




+ 


impurities 






Nitrates 


+ 





10. Typical Properties 

Acidity/alkalinity: pH = 5.5-8.5 for a 1% w/v aqueous 

solution. 

Ash: 

2.5% w/w for Cellosize; 
3.5% w/w for NatrosoL 
Autoignition temperature: 420 B C 
Density (bulk): 
0.35-0.61 g/cro 3 for Cellosize\ 
0.60 g/cnv for NatrosoL 

Melting point: softens at 135-140°C, decomposes at about 
205°C. 

Moisture content: commercially available grades or hydroxy- 
ethyl cellulose contain less than 5% w/w of water, However, 
hydroxyethyl cellulose is hygroscopic, the amount of water 
absorbed depending upon the initial moisture content and the 
relative humidity of the surrounding air. Typical equilibrium 
moisture values for Natrosol 250 at 25 n C are: 6% w/w at 50% 
relative humidity and 29% w/w at 84% relative humidity. 
Particle size distribution: for Cellosize* 100% through a US #80 
mesh (177 /an); for Natrosol (regular grind), 10% retained on a 
US #40 mesh (420 /an); for Natrosol (X-grind) 0.5% retained 
on a US #60 mesh (250 j*m). 
Refractive index: 

n D ■ 1.336 for a 2% w/v aqueous solution. 
Solubility: hydroxyethyl cellulose is soluble in either hot or 
cold water, forming clear, smooth, uniform solutions. 
Practically insoluble in acetone, ethanol, ether, toluene and 
most other organic solvents. In some polar organic solvents, 
such as the glycols, hydroxyethyl cellulose either swells or is 
partially soluble. 

Specific gravity: i. 38-1. 40 for Cellosize; 1.0033 for a 2% w/v 
aqueous hydroxyethyl cellulose solution. 
Surface tension: see Table L 

Tabic I: Surface tension (roN/m) of different Cellosiu ( Amerchal Corp) 
grades at 2ST. 



Concentration of 


Cellosize pro 


dc 


52000 100M 


aqueous solution WP-02 


09 300 


QP4400 


(% w/v) 








0X1 65.8 


65.7 66.4 


66.3 


65.9 66.1 


0.1 65.3 


6S.4 65.8 


65.3 


65.4 65.4 


1.0 64.4 


65.1 65.S 


65.6 


66.1 66.3 



Concentration of 




Cellosize Erode 




aqueous solution 


WP-02 


09 300 QP440Q 


52000 100M 


(% w/v) 








2.0 


64.2 


65.0 66.3 67.3 




5.0 


64.1 


64.7 — — 




10.0 


64.4 


65.9 - - 





Viscosity (dynamic): hydroxyethyl cellulose is available in a 
wide range of viscosity types, c.g. Cellosize is manufactured in • 
eleven regular viscosity grades. Hydroxyethyl cellulose grades- 
differ principally in their aqueous solution viscosities which' 
range from 2-20000 mPa a for a 2% w/v aqueous solution.- 
Two types of Cellosize are produced, a WP-type, which is a 5 
normal-dissolving material, and a QP-type, which is a rapid- 
dispersing material. The lowest viscosity grade (02) is available" ^ 
only in the WP-typc. Five viscosity grades (09, 3, 40, 300 and :> 
4400) are produced in both WP- and QP-iypes. Five high-7 
viscosity grades (10000, 15000, 30000, 520O0, and I00M) ans^ 
produced only in the QP-type. Table II shows the standard^, 
Cellosize grades and types available and their respective: 
viscosity ranges in aqueous solution. 
Natrosol 250 has a degree of substitution of 2.5 and ir 
produced in ten viscosity types. The suffix > R' denotes tha' ' 
Natrosol has been surface treated with glyoxal to aid i 
solution preparation, see Table III. .. 
Aqueous solutions made using a rapidly dispersing material, 
may be prepared by dispersing the hydroxyethyl cellulose in. 
mildly agitated water at 20-2S°C. When the hydroxyethyl 
cellulose has been thoroughly wetted the temperature of ttog 
solution may be increased to 60-70°C to increase the rate o( 
dispersion. Making the solution slightly alkaline also increases 
the dispersion process. Typically, complete dispersion may be. 
achieved in approximately an hour by controlling the 
temperature, pH and rate of stirring. 
Normally dispersing grades of hydroxyethyl cellulose requite 
more careful handling to avoid agglomeration during dispe^ 
sion; the water should be vigorously stirred. Alternately,:*: 
slurry of hydroxyethyl cellulose may be prepared in a,; 
nonaqueous solvent, such as ethanol, prior to dispersion,,-- 

water, ty ' 

See also Section 11 for information on solution stabiuty. ^ 



Table If: Approximute viscosities of various grades o: 

(Amerchnl C orp) solutions at 25 P C 

Viscosity (roPa s) 
Low 



Celloili 



Type 


Crude 


Concentration 




(% «/v) 


WP 


02 


5 


WP & 


09 


5 


QP 


3 


5 




40 


2 




300 


2 




4400 


2 


QP 


10000 


2 




15000 


2 




30000 


1 




52000 


1 




100M 


1 



7-14 

60-100 

220-285 

70-1 10 

250-325 

4200-4700 

5700 

15 000-18000 
950-1230 
1 500- 1 800 
250O 



14-20 • 
100-140'-.,- 
#5-350-.- 
110-150 
325-400.% 
4700-5200; 
6500 
1600041 
1230-1500 
1800-2100-, 
3000 



by the Low and High designation. 
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Tabic DI: Approximate viscosities of various grades of aqueous Natrosoi 
250 (Aqualon) solutions ai 15°C 

Jypo Viscosity (mPa s) for varying concentrations (% w/v). 
1% 2% 5% 





KMR 3400-5000 








H4R 2600-3300 








Hl\ * ?uu-^ juu 








MHR BOO- 1500 






t . 




4500-6500 




r 


ICR — 


1500-2500 






GR — 


150-400 






ER — 


25-105 










150-400 


• \ 






75-150 














HPE Laboratory Project Pata 


W *" 




Method tab* 


Results 


>*' 


Particle Friability 








Natrosoi 250L 


PF-I 36 


0.050% 


* 


Natrosoi 2501 J HH 


PF-1 36 


0.008% 


- 


Viscosity 








Natrosoi 2S0L (5%) 


VIS-4 6 


150-225 mPas 




. Natrosoi 2S0MR (1 %) 


VIS-4 6 


190-375 mPa & 




• Natrosoi 250MRQ.V*) 


VIS-4 6 


4250-72S0 mPa s 




Natrosoi 250HhR{}%) VIS-4 6 


3275-5875 mPa s 



jji: / Supplier; Aqualon. 

u - Stability and Storage Conditions 

Hydroxyethyl cellulose powder is a stable, though hygro- 
u??" scopic, material. 

S;';. Aqueous solutions of hydroxyethyl cellulose are relatively 
.stable between pH 2-12 with the viscosity of solutions being 
g|g& largely unaffected. However, solutions are less stable below 
Sj}£ ; pH 5 due to hydrolysis. At high pH. oxidation may occur. 
%f Increasing temperature reduces the viscosity of aqueous 
M hydroxyethyl cellulose solutions. However, on cooling, the 
§?; original viscosity is restored. Solutions may be subjected to 
Vfreeze-ihawing, high temperature storage or boiling without 
^.precipitation or gelation occurring. 
^.'Hydroxyethyl cellulose is subject to enzymatic degradation, 
|&with consequent loss in viscosity or its solutions/ 5 ' Enzymes 
which catalyze this degradation are produced by many 
^■bacteria and fungi present in the environment. For prolonged 
£tftbrago, an antimicrobial preservative should therefore be 
padded to aqueous solutions. Aqueous solutions of hydroxy- 
ftcthyl cellulose may also be sterilized by autodaving. 
^Hydroxyethyl cellulose powder should be stored in a well- 
|V c te5ed container, in a cool, dry, place. 

' 

^Incompatibilities 

^ydroxyethyl cellulose is insoluble in most organic solvents, 
hydroxyethyl cellulose is incompatible with zein and partially 
wmpatiblc with the following water-soluble compounds: 
5?* m £ edatin; raethylcellulose; polyvinyl alcohol and starch. 
WBP?HSftthyl cellulose can be used with a wide variety of 
Twaoluble antimicrobial preservatives. However, sodium 
Tiwchlorophenate produces an immediate viscosity increase 
tn added to hydroxyethyl cellulose solutions. 
p J^jffi ytthyl cellulose has good tolerance for dissolved 
fg^olyics although it may be salted out of solution when 
8 with certain salt solutions, e.g. the following sail 



solutions will precipitate a 10% w/v solution of Celfosize 
WP-Q9 and a 2% w/v solution of Cellosize WP-44Q0: sodium 
carbonate 50% and saturated solutions of aluminum sulfate; 
ammonium sulfate; chromic sulfate; disodium phosphate; 
magnesium sulfate; potassium ferrocyanidc; sodium sulfate; 
sodium sulfite; sodium thiosulfate and zinc sulfate. 
Natrosoi is soluble in most 10% sail solutions, except sodium 
carbonate and sodium sulfate, and many 50% salt solutions 
except: aluminum sulfate; ammonium sulfate; diammonium 
phosphate; disodium phosphate; ferric chloride; magnesium 
sulfate; potassium ferrocyanide; sodium mctaboratc; sodium 
nitrate; sodium sulfite; trisodium phosphate and zinc sulfate. 
Natrosoi 150 is generally more tolerant of dissolved salts than 
Natrosoi 250. 

Hydroxyethyl cellulose is also incompatible with certain 
fluorescent dyes or optical brighteners, and certain quaternary 
disinfectants which will increase the viscosity of aqueous 
solutions. 



13. Method of Manufacture 

A purified form of cellulose is reacted with sodium hydroxide 
to produce a swollen alkali cellulose which is chemically more 
reactive than untreated cellulose. The alkali cellulose is then 
reacted with ethylene oxide, to produce a scries of hydroxy- 
ethyl cellulose ethers. 

The manner in which ethylene oxide is added to cellulose can 
be described by two terms: the degree of substitution (DS) and 
the molar substitution (MS). The degree of substitution 
designates the average number of hydroxy] positions on the 
anhydroglucosc unit that have been reacted with ethylene 
oxide. Since each anhydroglucosc unit of the cellulose molecule 
has three hydroxyl groups, the maximum value for DS is 3. 
Molar substitution is defined as the average number of 
ethylene oxide molecules that have reacted with each 
anhydroglucose unit. Once a hydroxyethyl group is attached 
to each unit, it can further react with additional groups in an 
end-to-end formation. This reaction can continue and, 
theoretically, there is no limit for molar substitution. 

14. Safety 

Hydroxyethyl cellulose is primarily used in ophthalmic and 
topical pharmaceutical formulations. It is generally regarded 
as an essentially nontoxic and nonirritant material ™ ,7} 
Acute and subacute oral toxicity studies, in rats, have shown 
no toxic effects attributable to hydroxyethyl cellulose 
consumption, the hydroxyethyl cellulose being neither 
absorbed nor hydrolyzed in ihc rat gastrointestinal tract. 
However, although used in oral pharmaceutical formulations 
hydroxyethyl cellulose has not been approved for direct use in 
food products, see Section 16. 

Clyoxal-tre&icd hydroxyethyl cellulose is not recommended 
for use in oral pharmaceutical formulations or topical 
preparations which may be used on mucous membranes. 
Hydroxyethyl cellulose is also not recommended for use in 
parenteral products. 

15. Handling Precautions 

Observe normal precautions appropriate to the circumstances 
and quantity or material handled. Hydroxyethyl cellulose dust 
may be irritant to the eyes and therefore eye protection is 
recommended, Excessive dust generation should be avoided to 
minimize the risks or explosions. Hydroxyethyl cellulose is 
combustible. 
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16. Regulatory Status 

Included in the FDA Inactive Ingredients Guide ophuialmic 
preparations, oral syrups and tablets otic and upw4 
preparations). Included in nonparenieral medicines licensed 

HydJoxyethyl ceUulose is not currenxly approved Tor use in 
Sod products in Europe or the US although it is permuted for 
use in indirect applications such as packaging. This restriction 
Ke to the high levels of ethylene glycol residues which are 
formed during the manufacturing process. 

17. Pharmacopeias JlT ci>xic 
Br, Eur, Fr, Ger, Gr, Hung. K Neth. Port. Swiss and USPNF. 

18. Related Substances 

Ethylcellulose; Hydroxypropyl Cellulose; Hydroxypropyl 
Melhylcellulosc; Melhylcellulose. 

19. Comments 

The limited scope for the use of hydroxyethyl cellulose in 
foodstuffs is in stark contrast to its widespread application as 
an excipient in oral pharmaceutical formulations. 

20. Specific References 

,. Grove J, Dun M. Quint M-P, PUuonnci fl. The effect of vehicle 
viscosity on the ocular bionvailabiluy of L-653328. Int J 
Pharmaceutics 1990; 6& 23-28. 

2 Cuuger LJ. Hydroxycihylccllulosc fiel as a dinoprobtone venicie. 
Am J Horn Pharm 1984:41: 1761-1761 

3 Delonca H, Joachim 3, Mattha A. Influence or temperature on 
" disimegnuion and dissolution time or ^^***f* 

component as binder [in French). J Pharm Bclg 1978: 33: 171-178. 
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5. Wirick MG. Study of ihc Bubstitution pattern of hydiv 
cellulose and its relationship to ciizymic degradation. J Poly 
1968;6(PartA*l):l70M718. 

6. Finul report on the safety assessment of hydroxyctb>_ 
hydraxypropylcclluloso, melhylcellulose, hydroxypropyl me 
lulose and cellulose gum. J Am Coil Toxicol 1986; 5(3): K 
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Hydroxypropyl 
Cellulose 



1. Nonproprietary Names 
BP: Hydroxypropylcellulose 
PhEun Hydroxypropylcellulosura 
USPNF: Hydroxypropyl cellulose 

5iS,Tydroxy P ropyl ether E463; hyprolose; Ktucel; 
Methocel; Nisso HPC; oxypropylated cellulose. 

3. Chemical Name and CAS Registry Number 

Cellulose, 2-hydroxypropyl ether (9004-64-2] 

4 Empirical Formula Molecular Weight 

Tfc, USPNF XVH describes hydroxypropyl cellulose as a 

■ asrsar ssc sffisr.ss s- 

•\ SOOOO-i 250000, jee obo Section 10. 



tr.. 

In 
r 



5. Structural Formula 




^•Whire.R is H or [-CH--CH(CH 3 )-0] m H 



3". ~ 



Functional Category 

^vCoating agent; emulsifying agent; stabilizing agent; suspending 
^ agent;; tablet binder; thickening agent; viscosiiy-«ncrea«ng 

•■pgSuL : 

A: . 

Applications in Pharmaceutical Formulation or 



£J2k£ mc of 1 dru B increases with decreasing v,scos.ty of 
The release rale 01 » ddition 0 f an an onic surfactani 

hydroxypropyl cellulose V, lulose viscosity and 

SJiSSiSSKS^^-S^ in mlcroencapsulauon 
Hydroxypropyl ceiiuio» , fonnulallonSi 

B»"JMK1^ palches and 
tESiffSS* * «-? in coan * iC5 and in f00d 

products as an emulsifier and stabilizer. 



^droxypropyl cellulose is widely used in oral and topical 
Sffiannaceutical formulations. ... , 

<>i" ^ml.-products, hydroxypropyl cellulose is primarily used in 
"'.ngas a binder, film-coaling and extended release matrix 
Concentrations or between 2-6% w/w of hydroxypro- 
filose may be used as a binder in cither wet granulauon 



Use 


Concentration (%) 




Extended release matrix former 
Tablet binder 

Tablet film coating 


15-35 

2-6 

5 





LdroTypropyl cellulose is a white to slightly yeUow-colored. 
odoS Wasteless powder. See also Sections 4 and 5. 



SEM: 1 

Excipicni; Hydroxypropyl ccllukwc [KImc!) 
Munufaciurcr; Aqualon 
Magnification: 60x 
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SEM: 2 

Ewapicni: Hydroxypropyl ccHulost Ww*!) 
Manufacturer; Aqualon 
Mngnlficoiion: 600* 




9. Phannacopeial Specifications 



Tcsi 



PhEiir 199Z 



USPNF XVfl 
(Suppl 6) 



Idcntificuiion 
Apparent viscosity 
Appearance of solution 
pH (I in 100) 
Loss on drying 
Residue on ignition 
Sulfated ash 
Arsenic 
Chlorides 
Lead 

Heavy ineials 
Silica 

Organic volatile 

impurities 
Assay of hydroxypropoxy 

groups 



+ 

5.0-8.S 
S 7,0% 

£ 1.6% 

< 0,5% 

< 20 ppm 
* 0.6% 



+ 

5.0-8.0 

< 5.0% 

< 0.2% 

< 3 ppm 

< 0.001% 
4 0.004% 

< 0.6% 
+ 

£ 80.5% 



10. Typical Properties 

Acidity/alkalinity, . 
pH - 5.0-8.5 for a 1% w/v aqueous solution, 

SZLr^*&Sl* for a 0.1-/. w/v aqueous 
solution versus mineral oil. „ eoo 
M*//in* softens at 130 B C; chars at 260.275°C. 
SLmn ttNMW hydroxypropyl cellulose absorbs moisture 
from the atmosphere, the amount or water absorbed 
depending upon the initial moisture content, and the 
temperature and relative humidity of the surrounding air. 




Typical equilibrium moisture content values at 25»Care:.i 
w/w at 50% relative humidity and 12% w/w at 84.% rela> 
humidity. See oho HPE Data. 
Molecular weight: 
for Klucet £f » 80000 
for KlucelLF a 95000 
for KlucelJF* 140000 
for KlucelGF* 370000 
for KlucelMF* 850000 

Kr^^ilT^or Klucel (regular grind), 95^ 
Arouch a US #30 mesh (590 *«n) and 99% through a VS; 
S£?sh (840 S fef JChtf/ (X-grind). 100% < through a U* 
So mel WJSO and 80% through a US #100 mesh? 
(149 jim). r 
Refractive index: . . '• SarS? ' 

n> = 1.3353 Tor a 2% w/v aqueous solution. ^wSH- 
So/u&W/y; soluble 1 in 10 parts dichloromethane. 1 m 2 S pans c .^;. 
ethanol, 1 in 2 parts methanol, 1 in 5 parts propan-2-ol, 1 m feygj 
Darts propylene glycol and 1 in 2 parts water, . pna^es&. 
insoluble in aliphatic hydrocarbons, aromatic hydrocarbons,^^|.. • 
Son Te^chloride, petroleurn idisullatcs. 
Hydroxypropyl cellulose is freely soluble in wawr below 38C 
Ei smooth, clear, colloidal solution. In hot water, it is. ^ 
Suble aTd is precipitated as a highly swollen noc at a-g* 
temperature between 40-45'C. 

Hydroxypropyl cellulose is soluble in many cold or hot polar , 
orSnic solvents such as: dimethyl fonnam.d* dimethyl ; ,r^ 
sulfoxide; dioxane; clhanol; methanol; P^"*^?&r.Vr-5 
3 nronvlene glycol. There is no tendency for precipitation • 
^SSS2i. H0W««r. the grade of M ^ 
Sllulos^ can have a marked effect upon solution quality m.,:.^ 
Se «ganic liquids which are borderline solvents, such as., 
some org^ mi , h ol; dichloromethane; lacne 

acetone; butyl acetate, cyciuuoAauui, /qoo/„\ :-'> 

acid- methylacetate; methylethyl ketone; propan-2-ol (99/. • 
S I / JSuSS. The higher viscosity grades of hydroxypropyl :• , : 
Sk£ S to P rodu« slightly inferior soluuom. However . • v, 
the solution quality in borderline solvents can often be greatly , ,, • .. 
KnS WK> °^mall quantities (5-15%) ora cosolvent - - C; 
^ example, dichloromethane is a borderline solvent for 
Klucel Wand solutions have a granular texture, but by adding 
10% methanol a smooth solution may be produced. • . 

Hydroxypropyl cellulose is compatible with • number of hfeb . - 
modular weight, high boiling waxes and oils, and I can J be ^ used 
w modify certain properties of these raatenals. Examples of ». 
materiabthat are 6 U solvents for ******* ££S2 <\ 
an elevated temperature arc: acetylated ro° n °S»£^ 
glyccrides; pine oil; polyethylene glycol and polypropylene 

sA gravity. 1.2224 for particles; 1.0064 for a 2% w/v • 
aqueous solution at 21PC 
Surface tension: see Table I. 



Table L- Surface tension (mN/m) or aqueous solutions or Nisso HPC 
(Mrr™ c « ^ « ^ c — 


Grade 


Surface tension at 20°C (mN/m) 

Concentration 
0.01% 0.1% 1-0% »M% - 


Nisso HPC'L 
Nisso HPC-M 


51,0 49.1 *6-3 458 

54.8 49.7 46.3 — 



Viscosity (dynamic): a wide range : of vis»sily types are 
commercially available, see Table II and HPE Data. * 0 '™™. 
S bc prepared by gradually adding the hydroxypropyl 
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li for information on solution stability. 

TflbIc II: Vi scosity of aqueous «" !utionS ° r Klucel { A * M ™ f^- 
Grade 



Viscosity (mPa s) of various aqueous solut Ions 

Conccntrorion 
1% 2% S% l0 °^ 



Kluctl HF 
Klucel Mf 
Klucel GF 
Klucel JF 
Klucel LF 
Klucel £F 



1 500-3OOO — — 

_ 4000-6500 — 

_ 150-400 — 

_ _ 150-400 

_ 75-150 



200-600 



HPE Laboratory Project Data 
Method Lab# Results 



Moisture content 
TypeLH-2f 
Klucel MF 
Klucel MF 
Klucel GF 
Klucel JF 
Klucel LF 
Klucel EF 
Klucel 

Type LX-lf 
Klucel HF 
, Klucel MF 
Klucel EF 
Klucel GF 
. KlueelJF 
Klucel LF 
^ Particle friability 

Efcr-V Solubility 00 

EthanoK95%)at25 D C 

Ethanoi (95%) at 37°C 

Htxane at 25°C 

Hcxane ul 37°C 

Propylene glycol at 25°C SOL-7 
; ^Propylene glycol at 37°C SOL-7 
"fc s Water at 25°C 
^ , / Water at 37°C 

Viscosity w 
Z f frJffiicc/ £^ (10% w/v) 
" ! *^ott»/Cf(2% w/v) 
. iOMCe/G/'pVo w/v) 
? ^JOuee/ArF0% w/v) 
fc-'X7uce/W(2% w/v) 



MC-7 

MC-7 

MC-7 

MC-7 

MC-7 

MC-7 

MC-7 

EMC-l 

SDl-1 

SOW 

SDl-1 

SDM 

SDl-l 

SDM 

SDl-1 

PF-l 

SOL-7 
SOL-7 
SOL-7 
SOL-7 



SOL-7 
SOL-7 

VIS- 1 
VIS-! 
VIS-l 
VIS-1 
VIS-l 



Cb) 



14 3.81% <u> 

14 4.27% tw 

14 1.52% Cb) 

14 1.67% <h) 

14 1.44% « 

14 2.21% 00 

14 0.59% 0,1 

15 See Fig. 1. 
14 Sec Fig. tB) 
14 See Fig. 2. w 
l4 5«Fig.2.^ 
14 See Fig. 3. » 
14 Sec Fig. 3. » 
14 Sec Fig- 3. ^ 
14 See Fig. 3.* 10 
36 0.125% w 

32 O.U mg/mL 

32 0,24 mg/mL 

32 1.0tng/mL 

32 1.0 mg/mL 

32 1.0 mg/mL 
32 L0 mg/mL 

32 500 mg/mL 
32 500 mg/mL 

6 410-740 mPa s 

6 360-615 mPafi 

6 1350-1625 mPa s 

6 1800-3250 mPa 6 

6 2325-3300 mPa s 



IfiUFplicr: a. Biddle Sawyer Corporation; b. Aquulon: c Shin-Etsu 
SCbcraical Co Ltd. . - 

^Jpte that Type LH~U and are low-subsutuied grades or 

xypropyl cellulose, see also Section 18. 

^Stability and Storage Conditions 
' oxypropyl cellulose powder is a stable material although 
hygroscopic after drying. ( 
Weona solutions of hydroxypropyl cellulose are stable 
" m isd uH 6.0-8.0 with the viscosity of solutions being 
,-Wely unaffected. However, at low pH aqueous solutions 
$<mdcrgo acid hydrolysis, which causes chain scission and 
"^a decrease in solution viscosity. The rate of hydrolysis 




10 20 



30 40 50 60 70 
percent relative humidiiy 



eo 90 too 



Fig, 1: Equilibrium moisture content of hydroxypropyl cellulose 
(Klucel). 
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Fig. 2: Equilibrium moisture content of various grades of 
Sft^icS* fc-SPr Corporation, Lot #8069). 
A Klucel HF (Aqualon, Lot #1061). 

hydroxypropyl cellulose. 

JL This degradation can occur due to the presence ot 
SS- S oxidizing agen* in a»lu«on 
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Fig. 3s Equilibrium moisture content or various grades of 

hydroxypropyl cellulose. 

O Klucel GF (Aqualon, Lot #4996). 

A Klucel JF (Aqualon, Lot #4753). 

V Klucel LF (Aqualon, Lot #4965). 

□ JCT«ce/£F(Aqualon. Lot #1223). 



suddenly at about 45° C due to the limited solubility of 
hydroxypropyl cellulose. However, this process is reversible 
and on cooling the original viscosity is restored. 
The high level or substitution of hydroxypropyl cellulose 
improves the resistance of the polymer to degradation by 
molds and bacteria. (9) However, aqueous solutions are 
susceptible to degradation under severe conditions and a 
viscosity decrease may thus occur. Certain enzymes, produced 
by microbial action, will degrade hydroxypropyl cellulose in 
solution. 03 * For prolonged storage, an antimicrobial preser- 
vative should therefore be added to aqueous solutions. 
Solutions or hydroxypropyl cellulose in organic solvents do 
not generally require preservatives. 

Ultraviolet light will also degrade hydroxypropyl cellulose and 
aqueous solutions may therefore slightly decrease in viscosity if 
exposed to light Tor several months. 
Aqueous hydroxypropyl cellulose solutions thus have opti- 
mum stability when the pH is maintained between pH 6.0*8.0 
and the solution is protected from light, heat and the action of 
microorganisms. 

Hydroxypropyl cellulose powder should be stored in a well- 
closed container in a cool, dry, place. 



12. Incompatibilities 

Hydroxypropyl cellulose in solution demonstrates some 
incompatibility with substituted phenol derivatives, such as 
methylparaben and propylparaben. The presence of anionic 
polymers may increase the viscosity or hydroxypropyl cellulose 
solutions. 

The compatibility of hydroxypropyl cellulose with inorganic 
salts varies depending upon the salt and its concentration, see 
Table HI; hydroxypropyl cellulose may not tolerate high 
concentrations of other dissolved materials. The balance of the 



-71* , 



hydrophilic-lipophilic properties of the polymer, whichiaiS^ 
required Tor dual solubility, reduces its ability to hydrate with'^ 
water and it therefore tends to be salted out in the presence of r. 
high concentrations of other dissolved materials. . . . >jt 
The precipitation temperature of hydroxypropyl cellulose 
lower in the presence of relatively high concentrations of other ^ 
dissolved materials that compete for the water in the system '."31 
see Tabic IV. 



Table III: Compatibility of hydroxypropyl cellulose {Nixso ffPQ with 
inorganic sails in aqueous solutions. 



Salt 



Concentration or salt (% w/w) 
2 3 5 7 10 30 50 



Aluminum sulfate 


S 


s 


I 


I 


I 


I I 


Ammonium nitrate 


S 


s 


s 


s 


s 


I I 


Ammonium sulfate 


S 


s 


I 


7 


I 


I 1 


Calcium chloride 


S 


s 


s 


S 


s 


T 1 


Dichromic acid 


S 


s 


s 


s 


s 


s s 


Disodium hydrogenphosphate 


s 


s 


I 


1 


1 


I 1 


Ferric chloride 


S 


s 


s 


s 


s 


I I 


Potassium fcrrocyanide 


s 


s 


s 


I 


1 


1 I 


Silver nitrate 


s 


s 


s 


s 


s 


S T 


Sodium acetate 


s 


s 


s 


s 


I 


I I 


Sodium carbonate 


s 


s 


I 


1 


I 


I I 


Sodium chloride 


s 


s 


s 


s 


I 


1 I 


Sodium nitrate 


s 


s 


s 


s 


s 


I I 


Sodium sulfate 


s 


s 


1 


1 


1 


I I 


Sodium sulfite 


s 


s 


I 


I 


I 


I ! 


Sodium thiosulfate 


T 


T 


T 


I 


I 


1 1 



S: completely soluble T: turbid while |j insoluble 

Table IV; Variation in precipitation temperature of hydroxypropyl 
cellulose {Klucel H) In the presence of other materials. 



Ingredients 

and concentrations 



Precipitation 
temperature (°C) 



1% Klucel H 41 

1 % Klucel H + 1.0% NaCl 38 

1 % Klucel H + 5.0% NaCl 30 

0.5% Klucel H + 10% Sucrose 41 

0.5% Klucel H + 30% Sucrose 32 

0.5% Klucel H + 40% Sucrose 20 

0.5% Klucel H + 50% Sucrose 7 



13. Method of Manufacture 

A purified form of cellulose is reacted with sodium hydroxide 
to produce a swollen alkali cellulose which is chemically more 
reactive than untreated cellulose. The alkali cellulose is then 
reacted with propylene oxide at elevated temperature and 
pressure. The propylene oxide can be substituted on the 
cellulose through an ether linkage at the three reactive 
hydroxyls present on each anhydroglucose monomer unit of 
the cellulose chain, Etherification takes place in such a way 
that hydroxypropyl substituent groups contain almost entirely 
secondary hydroxyls. The secondary hydroxyl present in the 
side chain is available for further reaction with the propylene 
oxide, and 'chaining-out' may lake place. This results in the 
formation of side chains containing more than one mole of 
combined propylene oxide. 
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a report, in a single patient, of allergic C0 "^;^?T* fllch cis> 

SSStaof ce.lu.ose may however have a 

Ld" (mouse, IV): > 0.5 g/kg 
LDso (mouse, oral): > 5 g/kg 
LDjotraMP): > 25 g/kg 
LDso (rat, IV): 055 g/kg 
LDjo (rat, oral): 10,2 g/kg 

' 15 Handling Precautions 

' l0 minimize the risks of explosions. 
> • 16. Reeuluiory Status 

: " GRASUsted Accepted as a food additive in Europe. Included 
* • ' SS'Se ingredients Guide (oral 1 cap«rt« i and 
Pi' ISts, topical and transdermal prcparauous). Included in 
?! .nonparenleral medicines licensed in the UK. 

stf..' • 

17. Pharmacopeias . 

Eur, Fr. Ger. Hung, It. Jpn, Ncth, Port. Swiss and 
g&.USPNF. 

w 18. Related Substances 

I-" Hydroxyethyl CeUulose; Hydroxypropyl Mcthylcellulose; low- 
" .substituted hydroxypropyl cellulose. 
| Low-subsnroted hydroxypropyl celJulose: 
WCAS number. (78214-41-2] ci-iiiuiedV 
E«MQmr. cellulose, 2-bydroxypropyl ether (low-subsliluted), 

fPharmacopeias: Jpn and USPNF. 
^Angk of repose. 
L T for W/PC 3>/>e L/xWJ; 
Hg-ltar IrJ/PC TJ/pe 
"toufty (6u/k7: 

„.34 g/cm J for 7>e LH-U; 

0*6 g/cm 3 for L-HPC Type LH-21. 
"Wry (tapped): 
■5>g/cm 3 for L./TPC 7>p<? 
„, « g/cm 3 for L-HPC Type LH-21. 

Hfe*"* content. £ 5.0% w/w f „, tf prTv B e 

ftfcfe iizc distribution: average particle size for 

is 50.6 /an; for L-HPC Type LH-21 it is 41.7 pm. 
"Uity. insoluble in water but swells. 
fie gravity. 1.46 



Specific surface area+ lti , 
L-HPC Type LH-11 - 2.70 nrt* 
L-HPC Type LH-21 = 3.20 m*/g; 
L-HPC Type LH-31 = 5.24 m 2 /S 
L-HPC Type LH-41 = 3 1.60 i mj/g. 

19 Comments 

Hydroxypropyl cellulose is a thermoplastic poller that can 
£CoScd by virtually all fabrication methods u>td for 
plastics. 



20. 

I. 



4. 



7. 



8 
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u. 
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15. 
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S S?oa *e physical characterise of granules and tablets. 
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Hydroxypropyl 
Methykellulose 



1, Nonproprietary Names 
BP: Hypromellosc 

PhEur: Mcthylhydroxypropylcellulosum 
USP: Hydroxypropyl methylcellulosc 

2- Synonyms 

Cellulose, hydroxypropyl methyl ether; Cuiminal MH?C\ 
E464: HPMC; Methocel; xnethylcellulose propylene glycol 
ether; methyl hydroxypropylcellulose; Metolose\ Pharmacoau 

3. Chemical Name and CAS Registry Number 

. Cellulose, 2-Hydroxypropyl methyl ether 
.' [9004-65-3] 

4. Empirical Formula Molecular Weight 

" The PhEur 1992 describes hydroxypropyl methylcellulosc as a 
. partly 0-methylated and 0-(2-bydroxypropylatcd) cellulose. 
: It is available in several grades which vary in viscosity and 
■\ extern of substitution. Grades may be distinguished by 
appending a number indicative of the apparent viscosity, in 
mPas, of a 2% w/w aQueous solution at 20°C. Hydroxypropyl 
I' methylcellulose defined in the USP XXII specifics the 
-*': substitution Lypc by appending a four digit number to the 
nonproprietary name, e.g. hydroxypropyl methylcellulose 
j\ 1828. The first two digits refer to the approximate percentage 
£. content of the meihoxy group (OCH 3 ). The second two digits 
£/- refer to the approximate percentage content of the hydroxy- 
fii propoxy group (OCH 2 CHOHCH 3 ), calculated on a dried 
|tf;basis. Molecular weight is approximately 10000-1 500000. 

2p:5. Structural Formula 




■ R is H, CH 3 or [CH 3 CH(OH)CH 2 ]. 



^.Functional Category 

ating .agent; film-former; stabilizing agent; suspending 
i tablet binder; viscosity-increasing agent. 

^Applications in Pharmaceutical Formulation or 

ypropyl methylcellulose is widely used in oral and 
^pharmaceutical formulations. 



In oral products, hydroxypropyl mclhylccllulose is primarily 
used as a tablet binder/ 11 in film-coating* 2 " 7 ' and as an 
extended release tablet matrix.^ 121 Concentrations of between 
2-5% w/w may be used as a binder in either wet or dry 
granulation processes. High viscosity grades may be used to 
retard the release of water-soluble drugs from a matrix. 
Depending upon the viscosity grade, concentration? between 
2-10% w/w are used as film-forming solutions to film-coat 
tablets. Lower viscosity grades are used in aqueous film- 
coating solutions while higher viscosity grades are used with 
organic solvents. 

Hydroxypropyl methylcellulose is also used as a suspending 
and thickening agent in topical formulations, particularly 
ophthalmic preparations. Compared with methylcellulose, 
hydroxypropyl methylcellulose produces solutions of greater 
clarity, with fewer undispensed fibres present, and is therefore 
preferred in formulations for ophthalmic use. Concentrations 
of between 0,45-1.0% w/w may be added as a thickening agent 
to vehicles for eye-drops and artificial tear solutions. 
Hydroxypropyl methylcellulose is also used as an emuisifier, 
suspending agent and stabilizing agent in topical gels and 
ointments. As a protective colloid, it can prevent droplets and 
particles from coalescing or agglomerating, thus inhibiting the 
formation of sediments. 

In addition* hydroxypropyl methylcellulose is used as an 
adhesive in plastic bandages and as a wetting agent for bard 
contact lenses. It is also widely used in cosmetics and food 
products. 

8. Description 

Hydroxypropyl methylcellulose is an odorless and tasteless, 
white or creamy-while colored fibrous or granular powder. 

9. Pharmacopeia! Specifications 



Test 



PhEur 1992 



USPXXH 
(Suppl 2) 



Identification 
Appearance of solution 
pH (1% w/w solution) 
Apparent viscosity 
Loss on drying 
Residue on ignition 

for viscosity grade > 50 mPa s 

for viscosity grade ^ 50 mPa s 

Tor type 1828 of all viscosities 
Sulfated ash 
Arsenic 
Chlorides 
Heavy meads 
Mcthoxy content 

Type 1828 

Type 2208 

Type 2906 

Type 2910 
Hydrcjcypropoxy content 

Type 1828 

Type 2208 

Type 2906 

Type 2910 



5.5-8.0 
£ 10.0% 



£ 1.0% 

< 0.5% 
£ 20 ppm 



+ 

< 5.0% 

< 1.5% 

< 3.0% 
3 5.0% 

< 3 ppm 

£ 0.001% 

16.5-20.0% 
19.0-24.0% 
27.0-30,0% 
28.0-30.0% 

23.0-32.0% 
4.0-12.0% 
4.0-7.5% 
7.0-lZ0% 



10- Typical Properties 

Acidity/ alkalinity: 

pj| =. 5.5-g.O for a 1% w/w aqueous solution. 
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230 Hydroxypropyl Methylceilulose 



SEM:l 

Ejiripicnu Hydroxypropyl moiliylcetlulose 
Manuftciurcn Shin-Eisu Chemical Co Lid 
Lot No.; 83214 
Magnification: 60s 
Voltage lOkV 



SEM: 2 

fc*cipienc Hydroxypropyl melhylcelluUwc 
Manufacturer Shin-Eisu Chemical Co Lid 
Lot No.: 83214 
Mttgnificoiioo: 600* 
Voltage: lOkV 




Ash: 1.5-3,0%, depending upon the grade, 
Autolgnition temperaiure: 360°C 
Density (tapped): 0.50-0.70 g/craf for Pharmacol. 
Melting point: browns at 19G-200°C; chart at 225-230°C C 
transition temperature is 170-180°C hi , 

Moisture content: hydroxypropyl mcthylcellulose absc 
moisture from the atmosphere, the amount of water tibsor 
depending upon the initial moisture content and 
temperature and relative humidity or the surrounding 
See also HPE Data. 

Solubility: soluble in cold water, forming a viscous colloi 
solution; practically insoluble in chloroform, ethanol (9o 
and ether, but soluble in mixtures or ethanol and dichl 
omclhane, and mixtures of methanol and dichlorometha 
Certain grades of hydroxypropyl methylceilulose arc solubh 
aqueous acetone solutions, mixtures of dicliloromethane i 
propan-2-ol, and other organic solvents. See also Sccuon 1 
Specific gravity. I. .26 . 
Viscosity (dynamic): a wide range of viscosity types , 
commercially available. Aqueous solutions arc most co 
monly prepared although hydroxypropyl meihylceUulose it 
also be dissolved in aqueous alcohols such as ethanol a 
propan-2-ol provided the alcohol content is less than 50% m 
Dichloromethane and ethanol mixtures may also be used 
prepare viscous hydroxypropyl methylceilulose solutioi 
Solutions prepared using organic solvents tend to be m 
viscous; increasing concentration also produces more visco 
solutions, see Table I. ... jj^ 

To prepare an aqueous solution, it is recommended t 
hydroxypropyl mcthylcellulose is dispersed and thorougl 
hydraied in about 20-30% of the required amount of wat 
The water should be vigorously stirred and heated to 80-90 
then the remaining hydroxypropyl methylceilulose add. 
Cold water should then be added to produce the requit 

Whena watcr-miscible organic solvent such as ethanol, glyc 
or mixtures of ethanol and dichloromethane is used, \ 
hydroxypropyl methylceilulose should first be dispersed ir 
the organic solvent, at a ratio of 5-8 parts of solvent to I p 
of hydroxypropyl methylceilulose. Cold water is then added 
produce the required volume. 

Table I: Dynamic viscosity (mPo s) of Pharmacol 60S (Shin-Eisu 
Clicraical Co Ltd) solutions in various solvents ut 20 B C- 



Solvent 



Viscosity (mPn f») at 20*C 
Concentration {% *M) 
2 6 W M 



Dichloromethane: ethanol (50:50) 4 2B 
Ethanol: water (50:50) 8 * 2 

Water 3 15 



150 
120 
45 



5B0 
350 



HPE Laboratory Project Data 
Method Lu»* Bcsu,ls 



Moisture content 
Moisture content 
Moisture content 



MC-20 
MC-20 
EMC-I 




Supplier: a. Dow Chemical Company; b. Aquolon. 



11. Swbility and Storage Conditions 

Hydroxypropyl methylceilulose powder is a siao. 
although it is hygroscopic after drying. 
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PorcBrrt relall^e humidity 

p.* I- EauiHbriuro moisture content of hydroxypropyl mcttiyl. 
^X^TSZacel EJS (Dow Chemical Company, Lot No.: 
; QP0502-80I-E). 

• Solutions are stable between pH 3-U /increasing temperature 
■ reduces the viscosity of solutions. Hydroxypropyl meihylcel- 

lolo* undergoes a reversible sol to gel transformauon upon 
Scaling and cooling respectively. The gel point is 50-90 C. 
' depending upon the grade or material. 
; Aqueous solutions are comparatively enzyme-resistant, pro- 
viding fiood viscosity stability during long-term storage. 

• However, aqueous solutions are liable to microbial spoilage 
and should be preserved with an antimicrobial preservative. 

• When used as a viscosity-increasing agent in ophthalmic 
solutions, bcnzalkonium chloride is commonly used for this 
purpose. Aqueous solutions may also be sterilized by 
autoclaving; the coagulated polymer must be redispersed on 
cooling by shaking. 

Hydroxypropyl mclhylcellulose powder should be stored in a 
well-closed container, in a cool, dry, place. 

12. Incompatibilities 

Hydroxypropyl methylcdlulose is incompatible with some 
oxidizing agents. Since it is nonionic, hydroxypropyl methyl- 
cellulose will noL complex with metallic salts and ionic organics 
lo form insoluble precipitates. 

13. Method or Manufacture 

A purified form of cellulose, obtained from cotton waste or 
wood pulp, is reacted with sodium hydroxido solution to 
produce a swollen alkali cellulose which is chemically more 
reactive than untreated cellulose. The alkali cellulose is then 
treated with chloromethane and propylene oxide to produce 
mcihylhydroxypropyl ethers of cellulose. The fibrous reaction 
product is then purified and ground to a fine, uniform powder 
or granules. 

14. Safety 

Hydroxypropyl methylcellulosc is widely used as an excipient 
in oral and topical pharmaceutical formulations. It is also used 
extensively in cosmedes and food products. 
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...^.„» J( ..« W . uivtujicciuiuac » generally regaroeo as a 
nontoxic and aonirriiam material although excessive : oral 
consumption may have a laxative cffcct. ^,4, The WHO has no 
specified an ucccptable daily intake Tor hydroxypropyl 
methylcellulose since the levels consumed were not considered 
10 represent a hazard to health. 1 
LDso (mouse, IP): 5 g/kg (,w 
LDso (rat, IP): 5.2 g/kg 

15. Handling Precautions 

Observe normal precautions appropriate to the circumstances 
and quantity of material handled. Hydroxypropyl methylcel- 
lulose dust may be irritant to the eyes and eye prouaon u 
recommended. Excessive duSl generation Should be avoided to 
minimize the risks of explosions. Hydroxypropyl methylcellu- 
lose is combustible. 

16. Regulatory Status 

GRAS listed. Accepted as a food additive in Europe. Included 
in the FDA Inactive Ingredients Guide (ophthalmic prepara- 
tions, oral capsules, suspensions, syrups and tablets, topical 
and vaginal preparations). Included in nonparcntera! medi- 
cines licensed in the UK. 

17. Pharmacopeias 

Br, Eur, Fr. Gr, It, Jpn, Neih, Port, Swiss and US. 

18. Related Substances 

Hydroxyethyl Cellulose; Hydroxypropyl Cellulose; Hydroxy- 
propyl Methylcellulose Phtbalate. 

19. Comments 

Powdered or granular, surface-ircaled grades of hydroxypro- 
nvl raethylcellulose are also available which are dispersible in 
cold water. The dissolution rate of these materials can be 
controlled by a shift in pH and they are thus useful for slow- 
release or enteric coaled formulations. 
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